Introduction
Apremilast is a drug marketed in the United States as of March 2014 for the treatment of psoriasis and psoriatic arthritis (PsA). It is an oral medication that inhibits phosphodiesterase-4, a protein found in immune cells associated with inflammation. In randomized clinical trials of apremilast for the treatment of psoriasis or PsA, serious infections were rare and comparable across the various exposure groups. [1] [2] [3] [4] [5] [6] No cases of active tuberculosis, herpes zoster, or reactivation of hepatitis C were reported in trials for apremilast, although active tuberculosis, history of tuberculosis, and/or positive hepatitis C antibodies at screening were the reason for exclusion from some of the studies. [1] [2] [3] [4] [5] [6] While the safety profile for apremilast in the clinical trials is reassuring, drugs used to treat autoimmune disorders have been shown to increase the risk of serious infection, though there is no consensus on the magnitude of the risk. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Hepatitis C and tuberculosis are particularly rare and unlikely to occur in small selected clinical trial populations compared with larger epidemiological studies. Therefore, we conducted a post-marketing safety study to estimate rates of treated herpes zoster, hepatitis C, and tuberculosis in patients with psoriasis or PsA treated with apremilast compared with users of other systemic psoriasis and PsA treatments.
Methods

Study Population
We conducted a cohort study within the IBM MarketScan Commercial Claims and Encounters Database (CCE) with Medicare supplement, a large United States (US)-based claims database containing data on over 50 million patients from over 150 large employers distributed throughout the US that covers employees and their dependent family members. It has been reported that the age, sex, and geographic distribution of patients who participated in an employersponsored private insurance survey are similar to the US population. 27 The database contains basic demographics and information on pharmaceuticals (using National Drug Codes), diagnoses (using International Classification of Diseases (ICD)-9 and 10-CM), and procedures (using Current Procedural Terminology, Fourth Edition and the Healthcare Common Procedure Coding System). The study population included all patients with a diagnosis of psoriasis and/or PsA who received ≥1 prescription for apremilast, a disease-modifying antirheumatic drug (DMARD), a tumor necrosis factor inhibitor (TNF-i) biologic, an interleukin-17 or −12/23 inhibitor (IL-i) biologic, or systemic corticosteroids between March 21, 2014 (when apremilast was marketed) and October 31, 2018 (end of study) (see Supplemental Table 1for a list of all study drugs). Because systemic corticosteroids are not indicated for treatment of psoriasis, patients with psoriasis only (ie, no PsA at any time) whose only study drug was a corticosteroid were not included in the study population. For patients with PsA, we required a PsA diagnosis on the same day as a corticosteroid injection or within 15 days before filling a prescription for oral corticosteroids because corticosteroids have multiple indications for use. Patients diagnosed with rheumatoid arthritis before psoriasis or PsA were excluded from the study population. Patients entered the study at the time of their first study drug prescription after March 21, 2014 (cohort entry date) and were followed through the censor date, defined as record end, date the patient became a case, or October 31, 2018 (end of the study period), whichever came first.
Exposure Definition
The study exposures of interest were apremilast, TNF-i biologics, IL-i biologics, conventional DMARDs, and systemic corticosteroids. Current use of each study drug was calculated using the length of each prescription claim plus 30 days. For those who received the drug by injection or infusion, current use was defined as 60 days (or 120 days for ustekinumab). If a new prescription for the same drug was received before the end of the previous prescription duration, the number of days was truncated and days were accumulated from the date of the new prescription. A patient was considered exposed to multiple study drugs if the duration of different study drug prescriptions overlapped, except for TNF-i and IL-i biologics which were not allowed to overlap. We assigned exposure for each day of follow-up to one of the following mutually exclusive categories: apremilast only, apremilast with other study drugs, TNF-i biologics only, IL-i biologics only, DMARDs only, corticosteroids only, DMARDs + corticosteroids, TNF-i biologics with DMARDs and/or corticosteroids, IL-i biologics with DMARDs and/or corticosteroids, or unexposed (defined as any days after "current use" and before a new study drug prescription).
Case Definition
Cases were treated herpes zoster, treated hepatitis C, or treated tuberculosis, and included both newly diagnosed and reactivated infections. A patient was required to have both a diagnosis and treatment for the study infection within 15 days of each other to be a case, and the infection diagnosis and treatment had to first occur at least 7 days after cohort entry. We further required at least 60 days of treatment for cases of hepatitis C and tuberculosis. See Supplemental Table 2 for treatments for herpes zoster, hepatitis C, and tuberculosis included in the study. Patients with active, treated infections at cohort entry (prevalent cases) were not considered as cases; however, they did remain in the study population and were followed forward from their initial diagnosis date to determine if they later qualified to be a reactivated case. To be considered a case of reactivated infection, a 6-month treatment-free period after the initial infection was required before the next episode of treated infection. Cases were censored at the first qualifying diagnosis code or treatment for that outcome, whichever came first. The electronic records of all hepatitis C cases, all tuberculosis cases, and a sample of herpes zoster cases were reviewed manually to confirm case status and index dates.
Covariates
We described the study population according to their exposure at cohort entry with respect to the presence of chronic infection risk factors (Table 1) . We also described the presence of acute infection risk factors within the 60 days before the index date, including other immunosuppressant drugs (azathioprine, chloroquine, cyclophosphamide, hydroxychloroquine, leflunomide, minocycline, and sulfasalazine), fractures, major or minor surgical procedures, ventilator use, urinary catheter use, pressure ulcers, and diagnosis or treatment for malignant neoplasm. Duration of psoriasis or PsA was calculated using the date of the first diagnosis code in the patient record, categorized as <1 year, 1-2.9, 3-4.9, ≥5 years, and unknown (where the first psoriasis or PsA diagnosis was recorded less than 6 months after enrollment in MarketScan).
Statistical Analyses
We calculated incidence rates (IRs) with 95% confidence intervals (CIs) of treated herpes zoster, treated hepatitis C, and treated tuberculosis separately for each exposure. For herpes zoster, we calculated incidence rate ratios (IRRs) with 95% CIs and adjusted IRRs controlling for age, sex, calendar year and presence of rheumatoid arthritis for each exposure category compared to DMARDs only using Poisson regression, as well as stratified by indication for use (ie, PsA or psoriasis). There were too few exposed cases of hepatitis C and tuberculosis to calculate crude or adjusted IRRs. Studies using MarketScan are exempt from IRB review because the data is compliant with the Health Insurance Portability and Accountability Act (HIPAA) to protect patient privacy.
Results
The study population encompassed 131,604 patients with psoriasis or PsA ( Table 1) . At cohort entry, 10,074 (7.7%) patients were exposed to apremilast (alone or in combination with other study drugs), while 47,361 (36.0%) were exposed to TNF-i biologics only, 24,678 (18.8%) were exposed to DMARDs only, 12,438 (9.5%) were exposed to IL-i biologics only, 20,692 (15.7%) were exposed to CS only, and 16,361 (12.4%) were exposed to multiple study drugs (DMARDs+CS, or TNF-i with DMARDs and/or CS, or IL-i with DMARDs and/or CS). Half of the population (53.3%) were between 40 and 59 years old at cohort entry, and half (50.5%) were female. At cohort entry, proportionally more apremilast users had an indication of psoriasis rather than PsA compared to users of the other study drugs.
We identified 2271 new or reactivated cases of treated herpes zoster (Table 2) , yielding an IR in the entire study population and regardless of treatment of 8.9 (95% CI 8.5-9.3) per 1000 person-years (PY) ( Table 3) . IRs of treated herpes zoster were highest for current users of DMARDs+CS (12.5, 95% CI 9.8-15.7), CS only (12.5, 95% CI 10.4-14.1), TNF-i biologics with DMARDs and/ or CS (11.9, 95% CI 10.6-13.4), and IL-i biologics with DMARDs and/or CS (10.3, 95% CI 7.6-13.7) ( Table 3) . IRs of treated herpes zoster were lowest for current users of IL-i biologics only (6.7, 95% CI 5.8-7.8) and apremilast alone or in combination (7.0, 95% CI 5.8-8.4). The crude and adjusted IRRs, with DMARDs only as the referent, were around 1.2 for current users of TNF-i biologics with DMARDs and/or CS, CS only, and DMARDs+CS, while the IRRs were close to or below 1.0 for all other exposure categories (Table 3 ). Compared to DMARDs only, the adjusted IRR for current use of apremilast only was 0.70 (95% CI 0.54-0.90) and 0.89 (95% CI 0.63-1.25) for current use of apremilast in combination with other study exposures. The results were similar when stratified by indication for use (ie, PsA or psoriasis) ( Table 3) .
We identified 150 new or reactivated cases of treated hepatitis C (Table 2) , resulting in an IR for the entire study population, regardless of treatment, of 0.6 (95% CI 0.5-0.7) per 1000 PY (Table 4) . IRs of treated hepatitis C were low for all exposure categories and there were only 12 cases with current exposure to apremilast. Finally, we identified 81 new or reactivated cases of treated tuberculosis (Table 2) , yielding an IR in the entire study population, regardless of treatment, of 0.3 (95% CI 0.2-0.4) per 1000 person-years (PY) ( Table 5 ). IRs of tuberculosis were low and there were only four cases were exposed to apremilast. The IRs were similar and not statistically different for all exposures. The crude IRRs were all below 1.0 (Table 5 ). There were too few exposed cases of hepatitis C and tuberculosis, especially in the reference group, to calculate stable IRRs and all estimates were based on small numbers. 
Discussion
In this large study of patients with psoriasis and PsA, there was no suggestion that patients treated with apremilast were at higher risk of new or recurrent infections of treated herpes zoster, hepatitis C, or tuberculosis compared to patients with psoriasis or PsA treated with DMARDs only. The IRs and IRRs of herpes zoster among apremilast users were slightly lower compared with those of users of other treatments for psoriasis or PsA evaluated in this study, whereas the IRs of hepatitis C and tuberculosis were similar to those of patients treated with DMARDs and/or biologics. The results of this study provide reassurance that apremilast is not likely to be associated with a high risk of herpes zoster, hepatitis C, or tuberculosis in patients with psoriasis or PsA. The incidence of herpes zoster for users of DMARDs and biologics in our study was similar to those reported in several other studies and systematic reviews. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] This provides confidence in the quality of the data and the ability to detect associations between these exposures and outcomes. This further provides reassurance that the incidence of herpes zoster among patients exposed to apremilast, which was slightly lower than users of DMARDS only, is not elevated compared with users of other psoriasis and PsA treatments. The available literature describing hepatitis C among patients treated for rheumatoid arthritis, psoriasis or PsA is limited and consists primarily of case reports of hepatitis C reactivation or liver function changes among these patients. 7, [19] [20] [21] [22] 28 There was one retrospective cohort study that found that biologic treatment in patients with psoriasis increased the risk of reactivation of hepatitis C infection; however, there was no data on apremilast users in particular. 23 Overall, we identified 150 cases of treated hepatitis C in our entire cohort, only 12 of which were exposed to apremilast (alone or in combination with other study drugs), indicating that hepatitis C is rare in patients with psoriasis or PsA and does not occur more often in apremilast users compared with users of other treatments. Few studies have been conducted since the implementation of tuberculosis screening to assess the incidence of tuberculosis among patients with rheumatoid arthritis, psoriasis or PsA. [24] [25] [26] 29 We found a few cases of patients with treated tuberculosis in our cohort, four of whom were exposed to apremilast. The IRs for treated tuberculosis among users of DMARDs and biologics in our study fall within the range previously reported. [23] [24] [25] [26] Our results provide reassurance that apremilast is not likely to be associated with a high risk of reactivation of latent tuberculosis in patients with psoriasis or PsA. Our study evaluated a large cohort of more than 10,000 apremilast exposed patients with psoriasis and PsA. We required all cases of herpes zoster, hepatitis C, and tuberculosis to have received treatment for the infection to minimize case misclassification. We were also able to classify all study exposures according to whether or not they were prescribed in combination with other treatments. There were small numbers of cases in some exposure categories, particularly for hepatitis C and tuberculosis, resulting in wide confidence intervals. While due to small numbers we were unable to include all infection risk factors in our adjusted models, there were enough cases of herpes zoster to evaluate the impact of important covariates (sex, age, calendar year, and rheumatoid arthritis) on the association of treatment and infection. Due to the nature of ICD coding in claims data, differentiating between screening, infection, and routine follow-up visits for patients with a history of hepatitis C or tuberculosis is challenging. To minimize case misclassification, we reviewed the records of every case and required each to have received at least 60 days of treatment; however, it remains possible that some of these infection cases may have received chemoprophylaxis and the event was not a true latent infection reactivation. Because the total number of hepatitis C (N=150) and tuberculosis (N=83) cases identified in this study were small, we only presented rates of these infections and did not calculate IRRs between exposure categories; thus, the presented results are not biased by differential case misclassification. Finally, at cohort entry proportionally more users of apremilast had an indication of psoriasis compared with the other study exposures, and due to small numbers, we were unable to adjust our estimates by indication for use. Thus, disease severity should be taken into consideration and the results of this study should be interpreted with caution.
Conclusion
These data suggest that rates of hepatitis C and tuberculosis were low among commercially insured US patients for all types of psoriasis and PsA treatment. Rates of herpes zoster varied by treatment and were lowest in users of apremilast only. The results of this study provide Note: Number of cases were too small to calculate stable IRR estimates. Abbreviations: CI, confidence interval; CS, corticosteroids; DMARDs, diseasemodifying antirheumatic drugs; IL-i, interleukin-17, −23 or −12/23 inhibitor biologics; IR, incidence rate; PY, person-years; TNF-i, tumor necrosis factor inhibitor biologics.
